Abstract. After the successful completion of the first LHC run, a comprehensive set of light flavour hadron measurements at midrapidity in pp, p-Pb and Pb-Pb collisions is available for detailed comparisons with soft particle-production models. The observation of a medium in local thermal equilibrium in nucleus-nucleus collisions is supported by the success of thermal and hydrodynamic models in the description of hadron yields and spectral shapes, respectively. However, the presence of collective phenomena in small systems created in pp and p-Pb collisions is still debated. In this paper, similarities and differences between large and small collision systems with respect to a mass dependent evolution of the spectral shapes will be highlighted. In addition, the experimental significance of the deviations of particle yields observed between data and thermal model expectations will be discussed.
Introduction
The ALICE Collaboration has shown that the transverse momentum (p T ) spectra of pions, kaons, and protons measured in Pb-Pb collisions at LHC energy are harder than the equivalent spectra measured in Au-Au collisions at RHIC energy [1, 2, 3] . The spectra get progressively harder for more central events and are also observed to be harder for more massive particles. This effect can be interpreted in terms of hydrodynamic evolution of the medium produced in the collision that induces a stronger radial flow when the center of mass energy and/or the centrality of the collision increase which pushes heavier particles to higher p T . A similar evolution of the spectra with multiplicity is also observed in p-Pb collisions at √ s= 5.02 TeV and pp collisions at √ s= 7 TeV. In the next section, the pion, kaon and proton spectra produced in pp and p-Pb collisions will be compared with the same results measured in Pb-Pb collisions. The similarities that are suggestive of collective behaviour also in small colliding systems will be analyzed. Afterwards, the comparison of the integrated yields of identified particles with predictions from thermal models, fundamental to characterize the medium at the chemical freeze-out, will be discussed.
Collective phenomena in pp, p-Pb and Pb-Pb collisions
In Fig. 1 the p T spectra of pions, kaon and protons produced in Pb-Pb collisions at √ s= 2.76 TeV in 10 centrality classes are reported [1] . It is evident that the shape of the spectra evolves both with the centrality of the collision (becoming harder with increasing centrality) and with the particle mass (the heavier the particle mass, the flatter the spectrum). This effect can be interpreted in terms of hydrodynamic models in which the collective radial expansion becomes stronger with the centrality of the collisions due to the higher particle density. As a consequence, the hardening of the spectra is more pronounced for heavier particles. A similar evolution of the spectra with the multiplicity of the particles produced in the collision and with the particle mass has been observed also in p-Pb collisions at √ s= 5.02 TeV [4] and in pp collisions at √ s= 7 TeV [5] . In Fig. 2 it can be observed that the (p + p)/(π + + π − ) ratio as a function of p T in high (red) and low (purple) multiplicity events shows a similar behaviour in the three colliding systems even if the absolute values of the ratios are different. As multiplicity increases, this ratio decreases for low transverse momenta and increases at intermediate transverse momentum. Since in Pb-Pb collisions this behaviour is explained in terms of hydrodynamic expansion of the medium (radial flow), this similarity could suggest that also in pp and p-Pb collisions a collective behaviour may be present. To have a more quantitative comparison of the evolution of the spectra with Figure 2 . p T dependence of (p + p)/(π + + π − ) ratio in high (red) and low (purple) multiplicity events in p-Pb (left), Pb-Pb (center) and pp (right) collisions. the particle multiplicity in the three colliding systems, a simultaneous fit of pions, kaons and proton spectra with a blast wave function [6] in each multiplicity class has been performed. The blast wave function is a simplified hydrodynamic model which assumes a locally thermalized medium, expanding collectively with a common velocity field and undergoing an instantaneous common freeze-out. It can be used to systematically compare the spectral shapes in different colliding systems. It has three free parameters: the kinetic freeze-out temperature T kin , the mean radial expansion velocity β T and the velocity profile n. In the left panel of Fig. 3 the results of the simultaneous fits to pions, kaons and protons spectra in pp, p-Pb, Pb-Pb collisions and PYTHIA8 simulations of pp collisions for different multiplicity classes are reported. It can be seen that the evolution with the multiplicity of the pp and p-Pb parameters is similar to the one in Pb-Pb collisions with β T increasing and T kin decreasing with multiplicity (from left to right). This observation seems to be consistent with the presence of radial flow also in pp and pPb collisions. In Fig. 3 (left) it is also noteworthy that the same evolution of the parameters can be obtained fitting the √ s= 7 TeV pp spectra simulated with PYTHIA8, a model not including any collective system expansion, once the Color Reconnection (CR) mechanism is activated. It seems hence that other processes not related to hydrodynamic collectivity, like the Color Reconnection, could be responsible for the observed results in small colliding system and mimic the effects of radial flow [7] . Also the evolution of the n-β T correlation with the multiplicity is similar in the three colliding systems with the increse of β T and the decrease of n with the multiplicity. 
Thermal models in Pb-Pb collisions
In the right panel of Fig. 3 , the integrated yields (dN /dy) of identified particles measured in central Pb-Pb collisions are reported. They are interpreted in terms of three thermal models which describe the properties of the system at chemical freeze-out. The thermal models have three main parameters: the baryochemical potential µ B that at the LHC energies is fixed to zero, the chemical freeze-out temperature T ch and the volume V . Some models introduce three additional parameters γ s,c,q that take into account deviation from equilibrium production for strange, charm or light quarks. Equilibrium thermal models (γ s = γ c = γ q = 1) were able to reproduce the particle yields measured at RHIC energies but they were found to overestimate the proton production by a factor 1.5 once their parameters were extrapolated to LHC energy. The results of the fit to the data of three different thermal models implementing full equilibrium, Thermus 2.3 [8] , GSI-Heidelberg [9] and SHARE 3 [10] , are reported in Fig. 3 are not included in the fit). The disagreement of the protons with respect to the equilibrium model expectations is still present and is the main contributor to the χ 2 /ndf ∼ 2. Furthermore, the value of the temperature obtained from the fit by the three models are compatible (∼ 156 MeV) and lower than the value predicted from the extrapolation of RHIC data (∼ 164 MeV). Many hypotheses have been formulated to explain the deviations of particle yields from the thermal models. At lower energies the particle abundances were described by thermal models assuming thermal and chemical equilibrium, hence assuming the modification of particle ratios in the hadronic phase to be negligible. Deviations from thermal predictions can be explained assuming that final state interactions in the hadronic phase are not negligible and affects baryons and mesons differently [11, 12] . One process that might be important is baryon annihilation, in line with the observation of the lower value of the protons compared to the model predictions. A non-equilibrium configuration and a quark-gluon plasma undergoing a sudden hadronization without rescattering can be represented by the SHARE model [10] (in Fig. 3 SHARE was implemented in its equilibrium configuration with γ s = γ c = γ q = 1). In such a configuration it is possible to fit all hadrons except nuclei with χ 2 /ndf ∼ 1. Another possible explanation is that, since a single freeze-out temperature cannot describe the data, the transition temperature could be flavour-dependent [13] .
Conclusions
The ALICE Collaboration has measured the p T spectra of identified particles systematically in different colliding systems and for different centralities. In the low p T region the spectra get harder with the increase of the particle multiplicity and with the particle mass, not only in Pb-Pb, but also in p-Pb and pp collisions. This common behaviour seems to indicate that also in pp and p-Pb collisions a collective radial expansion is present. A similar spectra evolution can be observed also in events generated with PYTHIA8 when the Color Reconnection is included. Therefore, further studies are needed to determine the nature of collective behaviour, if indeed present, in these smaller colliding systems. Finally, it was shown that equilibrium thermal models successfully describe the integrated yields of the measured particle species, though they everestimate proton production in central Pb-Pb collisions.
